The hands of healthcare workers (HCWs) are the most common vehicle for the transmission of micro-organisms from patient to patient and within the healthcare environment. The aim of this study was to evaluate the impact of a multimodal campaign on the type and amount of resident and transient flora and the presence of potential risk factors for hand contamination during routine care. A before-after (PRE and POST periods) interventional study was carried out in medical wards of a tertiary care hospital. Eighty-nine samples were analysed. Samples were cultured immediately before patient contact using a glove-juice method. Data collected included sociodemographic and risk factors for hand contamination. Flora was measured as log 10 c.f.u. ml "1 and evaluated by comparing median values in the PRE and POST periods. Transient flora was isolated from the hands of 67.4 and 46.1 % of HCWs in the PRE and POST periods, respectively (P,0.001). Enterobacteriaceae, Pseudomonas spp. and meticillin-sensitive Staphylococcus aureus were the predominant contaminants. Resident flora was isolated from 92.1 % of HCWs in the PRE period and from 70.8 % in the POST period (P,0.001). The meticillin-resistant coagulase-negative staphylococci log 10 c.f.u. count ml "1 decreased from 1.96±1.2 to 0.89±1.2 (mean±SD; P,0.001), and the global flora count decreased from 2.77±1.1 to 1.56±1.4 (P,0.001). In the POST period, the wearing of fewer rings (P,0.001), shorter fingernail length (P50.008), a shorter time since recent hand hygiene (HH) (P50.007) and an increased use of alcohol-based hand rub instead of soap (P,0.001) were documented. The HH multimodal strategy reduced the number of risk factors and the level of HCW hand contamination.
INTRODUCTION
The hands of healthcare workers (HCWs) are the most common vehicle for the transmission of micro-organisms from patient to patient and within the healthcare environment (Pittet et al., 2006) . Hand hygiene (HH) before patient contact is strongly recommended by the World Health Organization (WHO) (WHO, 2009a) and by HH guidelines (Boyce et al., 2002) as a measure to prevent cross-transmission of micro-organisms. Moreover, these documents strongly recommend the implementation of multimodal campaigns to improve HH compliance in HCWs and the use of sinkless alternatives such as alcoholbased hand rub (AHR) (Boyce et al., 2002; Pittet et al., 2000; WHO, 2009b) .
The effectiveness of AHRs compared with water and soap has been investigated extensively in experimental studies (Edmonds et al., 2010; Hobson et al., 1998; Kampf et al., 1999) . These studies have shown a clear reduction in the number of c.f.u. of transient flora on the hands of HCWs after the use of AHR. Information is available about bacterial contamination on the hands of HCWs in healthcare settings during routine patient care (Girou et al., 2002; Kac et al., 2005; Lucet et al., 2002; Pessoa-Silva et al., 2004; Pittet et al., 1999; Trick et al., 2003; Waterman et al., 2006) . In these studies, a correlation was established between the total count of bacteria on the hands of medical staff and factors such as the duration and type of clinical activities, suggesting that, under routine conditions, hand contamination is a dynamic process (Pessoa-Silva et al., 2004; Pittet et al., 1999) . Most of these studies have focused on the hand contamination of HCWs after patient care, and before and after performing HH with different products (plain soap, chlorhexidine soap, ethanol, 2-propanol and n-propanol) (Picheansathian, 2004) . However, there are few published data that reflect the impact of a multimodal campaign on the hand contamination of HCWs at the time that their hands come into contact with the patient.
In 2007, in our hospital [Hospital Universitari Mú tuaTerrassa (HUMT)], we conducted a multimodal campaign to improve HH compliance in HCWs during routine patient care. A glove-juice technique was used because it is more sensitive than imprint methods (Larson et al., 2001) and allows the quantification of the whole bacterial load on the hands of HCWs. The aim of the present study was to evaluate the impact of a multimodal campaign on the type and amount of hand contamination and the presence of potential risk factors for hand contamination during routine care in three medical wards.
METHODS
Setting. This study was performed at the Hospital Universitari Mú tuaTerrassa, a 500-bed acute care institution with~26 000 admissions per year, for a population of~350 000 inhabitants. The hospital has three medical wards (113 beds), where AHR solutions are available at the bed side in each room [Sterillium, based on 2-propanol (45 %, w/w), 1-propanol (30 %, w/w) and mecetronium ethylsulfate (0.2 %, w/w)].
Study design. A prospective before-after interventional study without a control group was carried out in three phases: a baseline (before) phase (PRE period, from February to April 2007), an intervention period (from June to November 2007) and a postintervention (after) period (POST period, from November 2007 to January 2008 . During the intervention period, we conducted a multimodal educational campaign to improve HH compliance. HH compliance was measured using direct observation of HCWs during their daily work routine following WHO guidelines on HH in healthcare (WHO, 2006) . The methodology and results of this campaign have been described elsewhere (Monistrol et al., 2012) . All healthcare professionals of the three participating wards (120 HCWs) were included. We excluded non-staff professionals (ten HCW), students and members of the research team (six HCWs).
Study procedures and risk factors for hand contamination. Two infection-control nurses observed the patient care provided by HCWs. Cultures of samples from HCWs' hands were performed during routine working hours immediately before contact with a new patient. Each HCW was included only once in the study (in each period). Data relating to demographics, skin conditions and other risk factors were collected at the time of sampling in the PRE and POST periods. Data collected included: (i) socio-demographic -age, gender; (ii) professional -job category, years of experience, shift during which hand sampling was performed; and (iii) variables related to hand contamination -hand skin condition (optimal, or scaly, chapped, exudative or bleeding), the presence of wounds, the number and type of rings (plain, engraved or stone ring), fingernail length [long (extending beyond the fingertip) or short], the presence of artificial nails, the number of hours worked previous to hand sampling, the self-reported time of the most recent HH episode and the type of HH (water and soap, or AHR solution).
Microbiological samples and processing. Microbiological samples were collected using a glove-juice technique, as described elsewhere (Trick et al., 2003) . Glove-juice bags were prepared by aseptically transferring 50 ml autoclaved tamponate buffer TriBuf [0.075 M phosphate buffer (pH 7.9) with 0.1 % of Triton X-100; PRS quality; Panreac] into sterile sample bags. HCWs were asked to insert the dominant hand into a sterile glove before contact with a new patient in the PRE and POST period. The entire gloved hand was gently kneaded (the palm and each finger) by the investigator for 30 s. Each glove juice was immediately sent to the microbiology laboratory for analysis.
The sampling solution was filtered with a Neogrid Nirco system in 10 ml aliquots. Each filter was placed in five different sterile Petri dishes to detect target organisms and determine the number of c.f.u. ml
21
. The Petri dishes contained: blood agar, nalidixic acid agar, McConkey agar, agar MRSA ID (all from bioMérieux) and ChromAgar Candida (from DITA). The dishes were incubated at 35 uC for 48 h. Micro-organisms were identified using standard methods. The microorganisms were classified as resident flora (Streptococcus spp., Gramnegative cocci, Micrococcus spp., Corynebacterium spp., Bacillus spp., Gram-positive bacilli, and meticillin-resistant and meticillin-sensitive coagulase-negative staphylococci) and transient flora [meticillinsensitive Staphylococcus aureus (MSSA), meticillin-resistant S. aureus (MRSA), Enterobacteriaceae, Pseudomonas spp. and Candida spp.] according to the classification of Rotter (2004) .
Power calculations. We calculated that the sample size required to detect a 50 % reduction in hand contamination (80 % statistical power, a50.05 and b520 %) was 107 samples (HCWs). However, due to the loss of samples during the experimental period (15 HCWs), the power of the sample was reduced to 70 %.
Statistical methods. We conducted a descriptive analysis of sociodemographic variables, skin conditions and other risk factors (frequencies for categorical variables and measures of dispersion and of central tendency for continuous variables). The risk factors for hand contamination were analysed between the PRE and POST periods by comparing proportions (McNemar test) or means (analysis of variance).
The variable (number of c.f.u. ml 21 ) was divided into resident and transient flora. All bacterial counts were log 10 transformed to normalize the data. To study the association between risk factors for hand contamination and the number of c.f.u. of transient resident and total flora, comparisons of means and Pearson's correlations were calculated. To compare the percentage reduction in hand contamination between the two periods (paired samples), the reduction factor (RF) (difference between the log 10 c.f.u. ml 21 in the PRE and POST periods) was calculated for each participant. The accepted significance level was P,0.05.
Ethics. This study was approved by the ethics and research committee of our hospital and informed written consent was obtained from all participating HCWs.
RESULTS
During the PRE period, 104 HCWs were included. Paired samples were obtained in the POST period for 89 HCWs. Fifteen HCW were lost in the follow-up period (seven were transferred to other wards, four were not working in the hospital in the POST period and four were on sick leave).
Characteristics of the HCWs
A total of 89 HCWs were finally included in the study. These comprised 73 women and 16 men, with a mean age of 35.88 years (±10.8) and a mean of 13 years of professional experience (±10.2). A total of 64 % of the HCWs included worked on morning shifts, 14.6 % on evening shifts and 18 % on night shifts. Physicians represented 20.2 % of the studied population, medical students represented 7.9 %, nurses represented 38.2 %, nursing assistants represented 29.2 % and physiotherapists represented 4.5 %.
HH compliance
A total of 1531 HH opportunities were observed during routine patient care in the three wards studied in the PRE and POST periods. There were 751 opportunities (49.1 %) in the PRE period, and 780 (50.9 %) in the POST period. Overall, HCW compliance improved from 54.3 % in the PRE period to 75.8 % in the POST period (P,0.005).
Type and amount of hand contamination
The HCWs' hand contamination of transient, resident and total flora decreased significantly after the educational campaign (Table 1) . The type and amount of transient and resident micro-organisms are described in Table 2 . The lower and upper log 10 c.f.u. ml 21 values identified were Hand contamination in healthcare workers 0.01 and 2.61, respectively. Transient flora was observed in 60 hand samples (67.4 %) from the PRE period and in 41 hand samples (46.1 %) in the POST period (P,0.001). Enterobacteriaceae, Pseudomonas spp. and MSSA were the most common contaminants (Table 2) .
Resident flora was observed in 82 hand samples (92.1 %) from the PRE period and in 63 hand samples (70.8 %) from the POST period (P,0.001). Meticillin-resistant coagulase-negative staphylococci were isolated in 80.9 % of HCW cultures in the PRE period. After the educational campaign, the percentage of meticillin-resistant coagulasenegative staphylococci fell to 56.2 % (P,0.001) ( Table 2) . No significant differences were found between log 10 c.f.u. counts of transient flora and socio-demographic and risk factor variables, except for age in the POST period, as shown in Table 3 .
Risk factor description and correlation with hand contamination
The majority of HCWs included in the study presented optimal skin conditions without wounds in both periods.
However, approximately half wore rings and a fifth had long nails in the PRE intervention period (Table 4 ).
In the POST intervention period, the wearing of rings during clinical practice, the length of nails and the time since the last HH showed a significant reduction. Remarkably, a shift towards increased use of AHR solutions was found O. Monistrol and others (P,0.001). The wearing of rings was abandoned by 25 % of the professionals. In addition, HCWs wearing more than one ring were not identified in the POST period.
DISCUSSION
We have demonstrated that a reduction in total, resident and transient flora counts on the hands of HCWs could be achieved in parallel with a better HH compliance after a multimodal educational campaign. A reduction in some of the risk factors for hand contamination was also achieved after the intervention.
It is noteworthy that, in our study, hand samples were obtained during routine patient care under non-standardized conditions and were processed using the glove-juice technique, which is more sensitive than imprint methods (Larson et al., 2001) . This allowed us to quantify the whole bacterial load on HCWs' hands. Our results may shed light on the contaminating flora on HCWs' hands just before contact with patients, reproducing real-life daily practice.
Few of the studies conducted on hand contamination during routine patient care have used the glove-juice methodology (Barbut et al., 2007; Larson et al., 2001; Rupp et al., 2008; Trick et al., 2003; Tvedt & Bukholm, 2005; Waterman et al., 2006) , and most have been performed in intensive care units. Some studies observed a higher degree of hand contamination in HCWs working in medical wards in comparison with those in intensive care units (Kac et al., 2005; Lucet et al., 2002; Pittet et al., 1999) . The type of transient and resident flora found was similar to that identified in our study (Kac et al., 2005; Larson et al., 2001; Lucet et al., 2002; Trick et al., 2003; Tvedt & Bukholm, 2005) . However, and in contrast to our study, none of these studies provided sufficient information regarding the type of organism and the number of c.f.u. detected on contaminated hands.
Bacterial contamination of the hands of hospital staff is a dynamic process that results from multiple factors probably related to the kind of patient care (Pittet et al., 1999) . Risk factors for hand contamination have been studied extensively. The type of patient care and time spent on patient care, the hospital ward (Lucet et al., 2002; Pittet et al., 1999) , the use of gloves (Lucet et al., 2002; Tenorio et al., 2001) , the wearing of rings (Trick et al., 2003) and the method used for HH (Girou et al., 2002; Herruzo-Cabrera et al., 2001; Rotter & Koller, 1992; Zaragoza et al., 1999) have been identified as predictors of bacterial contamination of the hands of HCWs. In our study, only shortening of the time from the last HH action in the PRE period was associated with a decrease in c.f.u. load on HCWs' hands. However, we cannot exclude the possibility that the cumulative effect of the improvement in several risk factors could have contributed to the overall fall. Whether the use of hand antiseptic agents significantly reduces the rate of transient flora has been a matter of debate (Girou et al., 2002) . Several studies in which hands were contaminated artificially with various micro-organisms have shown that hand rubbing with alcohol-based products is more effective than hand washing with unmedicated soap (Cardoso et al., 1999; Guilhermetti et al., 2001) . Moreover, AHRs have shown to be the most effective measure to quickly remove transient flora from hands (Pittet et al., 1999; Rotter, 2004) . In our study, no differences in bacterial load were found when comparing the use of unmedicated soap and AHR solutions. Several reasons could explain this negative finding. First, the limited sample size may not have allowed us to detect differences between washing methods, and secondly, the HH technique was not directly investigated and therefore an inefficient procedure cannot be ruled out. Our results suggested that there was a correlation between recent HH action (whichever product is used) and low bacterial load, which was stronger than the effect of the product itself. In any case, we recognize that, as AHR is more accessible and requires less time, it could contribute to better HH compliance (Pittet et al., 2000) .
The campaign design to improve HH compliance during routine care took into account the importance of behavioural models (Whitby et al., 2007) . We used the Social Learning Theory of Bandura (1982) allowing for modifications of some personal attitudes, which resulted in a reduction in modifiable risk factors for hand contamination (length of nails, time since last HH action and the wearing of rings during clinical practice).
Our study has both strengths and limitations. Its strengths are the setting and moment in which it was conducted and the use of paired data. This is one of the few studies that has cultured samples from HCWs' hands in general medical wards before patient contact. The first limitation is that the presence of an external observer induces a higher level of HH at earlier stages than in normal routine situations. Nevertheless, a correlation between time since the last HH and bacterial load could be established. The second limitation is that our findings may not be generalizable to the non-dominant hand. Thirdly, we did not correlate hand area and c.f.u. counts. In this regard, males had a higher bacterial count compared with females. Finally, the time from and type of last patient care activity were not recorded. In summary, an educational multimodal campaign succeeded in reducing risk factors for hand contamination and bacterial load on HCWs' hands before patient contact in medical wards.
